Abstract: Circadian rhythms of urinary excretion of corticosterone and catecholamines were examined in the rat before and after phase reversal of a 12-hour light and 12-hour dark cycle. After the reversal, the acrophase of rhythm was delayed and became constant again on the 6th day for corticosterone and on the 7th or 8th day for adrenaline. The ratios of light-period output to 24-hour output of adrenaline and noradrenaline, however, adjusted to the new light-dark cycle on 10th day, whereas this ratio became constant on 6th day for corticosterone. Thus, circadian corticosterone rhythm seems to adapt to lightdark reversal more quickly than catecholamine rhythm.
Our previous study's investigated the circadian rhythm of catecholamine excretion in the rat before and after a 12-hour or 6-hour phase delay of a 12-hour light and 12-hour dark cycle, and results indicated that circadian adrenaline rhythm adapted on the 11th or 12th day to the 12-hour delay and on the 5 or 6th day to the 6-hour delay. Other researchers2° 3) had previously demonstrated that the circadian rhythm of plasma corticosterone adapts 3 to 7 days after a phase reversal, suggesting quicker adaptation of circadian rhythm of pituitary adrenocortical activity than the rhythm of the sympathetic adrenomedullary system. Recently, we developed a simple and sensitive HPLC method for analysis of corticosterone in rat urine4~. We expected that investigation of the time course for urinary corticosterone and catecholamine circadian rhythms in the rat after lightdark phase reversal would provide useful information about differences in adaptation of adreno-cortical and adreno-medullary activities.
The present report involves with simultaneous analysis of urinary corticosterone and catecholamines in the rat after two types of light-dark phase reversal: reversal due to a 24-hour light period, and reversal due to a 24-hour dark period.
Six out of eleven male 4-week-old Sprague-Dawley rats purchased from Clea Japan, with initial body weights of 87-94 g, were housed individually in metabolic cages under conditions of 12 hours of light and 12 hours of darkness with lights on between 1:00 and 13:00 for 2.6 weeks. Then the duration of the dark period was prolonged by 12 hours and the lights were turned on at 13:00, resulting in a 12-hour phase shift of the light-dark cycle (DDL reversal).
The other 5 rats were treated in the same manner for the first stage in a separate animal experimentation room. In this room, the light period was then extended by 12 hours and lights turned off at 1:00 the following day (LLD reversal). Successive 4-hour urine samples were collected from each rat for 3 days before and for 8 days after the phase shift, in the manner described previously'. Urine was also collected on the 10th, 11th, 14th, 15th, 20th, and 21st days. Levels of free corticosterone4~, catecholamines, and creatinine'~ in rat urine were analyzed and urinary excretion rates of the hormones were expressed as pmol/mg of creatinine unless otherwise stated. The mesor, amplitude, and acrophase of corticosterone and catecholamine circadian rhythms were estimated by the least squares fitting to cosine function5~, and we performed statistical analysis as in our previous study'.
A distinct circadian rhythm of corticosterone excretion was observed in the rat before the phase reversal. Table 1 shows indices of the circadian rhythm of corticosterone and catecholamine excretion on the 3 days before reversal. Corticosterone output during the light period was about one tenth of that during the dark period.
After phase shift of the light/dark cycle, the acrophase of the corticosterone rhythm was delayed and the amplitude tended to be reduced. Figure 1 shows changes in the acrophase of circadian corticosterone and adrenaline rhythms after the phase reversal. The acrophase of the corticosterone rhythm became constant on the 6th day and the acrophase of the adrenaline rhythm seems to adjust on the Table 1 . Circadian parameters of urinary hormone rhythms before and after lightdark reversal. 8th day. No differences were observed between the two types of phase shift, darkperiod extended (DDL) or light-period extended (LLD). Figure 2 shows the ratio of the light-period excretion to the 24-hour excretion of corticosterone and catecholamines in all 11 rats. After a marked increase on the first day of reversal, the ratio decreased gradually during post-reversal days, and became constant on the 6th day in corticosterone excretion and the 10th day in catecholamine excretion.
The adrenaline excretion level in the dark period on the first day of reversal (28.8 ± 4.2 pmol/mg creatinine) was very similar to the level excreted in the light period before the reversal (22.8 ± 2.2); and then excretion levels increased gradually to reach the pre-reversal level on the 6th or 7th day (72.8 ± 10.3 for pre-reversal, 71.0 ± 10.1 on the 6th day, and 75.5 ± 9.8 on the 7th day), while the pre-reversal adrenaline level in the light period (22.8 ± 2.2) tended to be higher on the 8th day (25.9 ± 4.1) and was restored on the 10th day (21.5 ± 2.8).
In the present experiment, lights were on from 1:00 to 13:00 during 3 days before the light-dark cycle reversal, and from 13:00 to 1:00 after the reversal. The parameters of the circadian rhythms before light-dark reversal and on the 20th-21st days after reversal are listed in Table 1 . The acrophase of circadian corticosterone rhythm in the post-reversal days, even 3 weeks after phase shift, appeared slightly but significantly earlier than in the pre-reversal days. Similar findings were observed for catecholamine rhythms, though less pronounced.
The rat's circadian rhythm of the pituitary adrenocortical system is believed to be entrained mainly by lighting conditions3~, but the present results imply that other factors are also responsible for the circadian rhythm pattern. Differences in acrophase between the two lighting schedules might be attributable to different timing of animal care and other laboratory activities which could not be synchronized to lighting schedules in the present study.
In any case, it was thought that circadian rhythms of corticosterone and catecholamine excretion are slightly different between the two lighting schedules.
In the present study, therefore, we assumed that circadian rhythm adaptation or restoration after light-dark reversal was accomplished when parameters reached steady state levels rather than when post-reversal levels assumed pre-reversal ones again.
Using this standard, the present results show that circadian rhythm of urinary corticosterone adapts to the reversed light-dark cycle on the 6th or 7th day. The result is consistent with the finding of Morimoto et al.2~, who reported that the diurnal rhythms of food intake and plasma 11-OHCS were completely reversed after 7 days at most on a reversed light-dark regimen.
On the other hand, the present results show that although the acrophase of adrenaline rhythm became constant on the 8th day, the ratios of light-period output to 24-hour output of noradrenaline and adrenaline were still elevated on the 8th day, indicating that complete adaptation of the catecholamine rhythm occurred later. As stated above, our previous experiment's also found that the circadian rhythm of catecholamine excretion adapts 10 or 11 days after reversal. It is thought, therefore, that the circadian rhythm of urinary catecholamines needs longer to adapt to light-dark reversal than the rhythm of corticosterone excretion. 
